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Background: The remplissage procedure may be performed as an adjunct to Bankart repair to treat recurrent gleno-
humeral dislocation associated with an engaging Hill-Sachs humeral head defect. The purpose of this in vitro biome-
chanical study was to examine the effects of the remplissage procedure on glenohumeral joint motion and stability.
Methods: Cadaveric shoulders (n = 8) were mounted on a biomechanical testing apparatus that applies simulated loads
to the rotator cuff and the anterior, middle, and posterior heads of the deltoid muscle. Testing was performed with the
shoulder intact, after creation of the Bankart lesion, and after repair of the Bankart lesion. In addition, testing was
performed after Bankart repair with and without remplissage in shoulders with 15% and 30% Hill-Sachs defects. Shoulder
motion and glenohumeral translation were recorded with an optical tracking system. Outcomes measured included
stability (joint stiffness and defect engagement) and internal-external glenohumeral rotational motion in adduction and in
90 of composite shoulder abduction.
Results: In specimens with a 15% Hill-Sachs defect, Bankart repair combined with remplissage resulted in a significant
reduction in internal-external range of motion in adduction (15.1 ± 11.1, p = 0.039), but not in abduction (7.7 ± 9.9, p =
0.38), compared with the intact condition. In specimens with a 30% Hill-Sachs defect, repair that included remplissage also
significantly reduced internal-external range of motion in adduction (14.5 ± 11.3, p = 0.049) but not in abduction (6.2 ±
9.3, p = 0.60). In specimens with a 15% Hill-Sachs defect, addition of remplissage significantly increased joint stiffness
compared with isolated Bankart repair (p = 0.038), with the stiffness trending toward surpassing the level in the intact
condition (p = 0.060). In specimens with a 30% Hill-Sachs defect, addition of remplissage restored joint stiffness to
approximately normal (p = 0.41 compared with the intact condition). All of the specimens with a 30% Hill-Sachs defect
engaged and dislocated after Bankart repair alone. The addition of remplissage was effective in preventing engagement and
dislocation in all specimens. None of the specimenswith a 15%Hill-Sachs defect engaged or dislocated after Bankart repair.
Conclusions: In this experimental model, addition of remplissage provided little additional benefit to a Bankart repair in
specimens with a 15% Hill-Sachs defect, and it also reduced specific shoulder motions. However, Bankart repair alone
was ineffective in preventing engagement and recurrent dislocation in specimens with a 30% Hill-Sachs defect. The
addition of remplissage to the Bankart repair in these specimens prevented engagement and enhanced stability, although
at the expense of some reduction in shoulder motion.
Clinical Relevance: The remplissage procedure has substantial effects on shoulder stability and motion.
O
sseous defects of the humeral head are commonly as-
sociated with traumatic anterior shoulder instability.
The Hill-Sachs defect1 is an impression fracture of the
posterosuperior humeral head that is present in >80% of cases
of recurrent glenohumeral instability2-5. A sizeable Hill-Sachs
defect may result in a reduction of the rotational arc length of the
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humeral head on the glenoid, which may lead to engagement of
the defect on the anterior glenoid rim and resultant glenohu-
meral dislocation6. Arthroscopic repairs of Bankart lesions that
do not address an engaging Hill-Sachs defect when one is present
have been associated with higher failure rates2,5,7.
Several surgical procedures have been described for the
management of engaging Hill-Sachs defects, including humeral
rotational osteotomy, humeroplasty, reconstruction with osteo-
chondral allograft, osteochondral transplantation, and partial
or complete humeral head replacement4,8-18. In 2008, Purchase
et al. described a technique of arthroscopic posterior capsulodesis
and infraspinatus tenodesis into the Hill-Sachs defect to prevent
engagement19. The authors termed the procedure ‘‘remplissage,’’
which means ‘‘filling’’ in French. Insetting the posterior capsule
and the infraspinatus tendon into the Hill-Sachs defect converts
the intra-articular location of the defect to an extra-articular one.
The remplissage procedure is performed in addition to a standard
arthroscopic Bankart repair.
The remplissage procedure is typically performed ar-
throscopically by placing one or two suture anchors into the
Hill-Sachs defect. An arthroscopic suture-passing device is then
used to create mattress sutures through the posterior rotator
cuff tendon and capsule, and these sutures are then tied in the
subdeltoid space (Figs. 1-A and 1-B). Insertion of the soft tissue
of the infraspinatus tendon and the posterior joint capsule fills
the Hill-Sachs defect and also provides a bumper that is believed
to prevent engagement. The remplissage procedure is used as
an arthroscopic technique to address engaging Hill-Sachs de-
fects, although to date few clinical outcome studies19,20 have been
published in the peer-reviewed literature. We are unaware of any
prior biomechanical studies of this procedure. The purpose of
this in vitro biomechanical study was to assess the effects of the
remplissage procedure on stability and motion in shoulders with
Hill-Sachs defects of small and moderate size. We hypothesized
that the remplissage procedure would effectively prevent en-
gagement of the Hill-Sachs defect and would enhance shoulder
stability, although at the expense of shoulder motion.
Materials and Methods
Specimen Preparation
Eight fresh-frozen cadaveric shoulders (mean donor age, seventy-three years;range, sixty-three to eight-seven years) were used in this in vitro biome-
chanical study. All specimens were examined and underwent computerized
tomography (CT) to ensure that they were free of pathology. Digitization of
the medial and lateral epicondyles, the humeral head, and multiple points on
the glenoid and scapula was performed to create a clinically relevant coordinate
system
21
. The specimens were mounted on a custom dynamic shoulder testing
Fig. 1-A Fig. 1-B
Figs. 1-A and 1-BRemplissage is an arthroscopic procedure that insets the posterior shoulder capsule and infraspinatus tendon into the Hill-Sachs defect,
converting the intra-articular locationof thedefect to anextra-articular one.Fig. 1-ATheprocedure is carriedout by placingoneor twosutureanchors into the
defect. A suture-passing device is then used to createmattress sutures through the posterior rotator cuff tendon and capsule.Fig. 1-B The sutures are then
tied in the posterior subdeltoid space.
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system (Fig. 2) that simulated unconstrained glenohumeral motion
22-25
. The
simulator allowed actuation of the individual rotator cuff muscles and the
anterior, middle, and posterior heads of the deltoid muscle (see Appendix). To
accurately assess continuous shoulder motion and instantaneous glenohumeral
spatial relationships, optical markers (Optotrak Certus; Northern Digital,
Waterloo, Ontario, Canada) were attached to the scapula and the humerus. The
output data from the optical markers were captured in real time.
Typically, the remplissage procedure is performed using an arthroscopic
approach. However, the steps necessary to measure and create the Hill-Sachs
defects would have been technically challenging to perform through an ar-
throscope, so an extended osteotomy of the lesser tuberosity of the humerus
was used to access the glenohumeral joint. The osteotomy was fixed with
two bicortical bolt-and-nut constructs to allow repeated exposure of the joint
without compromising fixation. To assess the effect of the osteotomy, the
shoulder was retested after the osteotomy and compared with the intact state.
Dependent Variables
The testing protocol was designed to study the effects of the remplissage procedure
on shoulder stability and motion in shoulders with Hill-Sachs defects of small
(15%) and moderate (30%) size. Testing was performed in the intact shoulder, after
osteotomy and repair of the lesser tuberosity, after creation of an isolated Bankart
lesion, and after repair of the Bankart lesion. In addition, testing was performed
after Bankart repair with and without remplissage in shoulders with accompanying
Hill-Sachs defects spanning 15% and 30% of the diameter of the humeral head.
The Hill-Sachs defects were created in the posterosuperior region of the





. The specimens were placed in 90 of combined abduction
(30 of scapular abduction and 60 of glenohumeral abduction) and 60 of ex-
ternal rotation. With the glenohumeral joint in this position, a line was drawn on
the humeral head parallel to the anteroinferior glenoid rim. This line represented
the angular orientation of the Hill-Sachs defect that would plausibly result from
a traumatic anterior glenohumeral dislocation with the shoulder girdle in 90 of
combined abduction and 60 of external rotation16,26. Once the angular orientation
of the defect was determined, the humeral head diameter was measured with a
digital caliper. Defects of 15% and 30% were outlined on the humeral head (Fig. 3)
and created sequentially with a microsagittal saw
16
.
During protocol development, we examined the scientific methods of
Sekiya et al.
16
and Yamamoto et al.
26
to assist with creation of the Hill-Sachs
defects. Although each clinical Hill-Sachs defect differs slightly in dimensions
and orientation, we sought to develop a model that could be easily reproduced
from specimen to specimen and that could be replicated by other researchers. As
Hill-Sachs defects have been described as being triangular, we defined the pos-
terior articular margin of the humeral head-neck junction as being the base of the
defect. A right-angle triangle was then used to prescribe the depth of the defect
(valley) where the suture anchors would be placed (Fig. 4). This right angle
Fig. 2
A custom dynamic testing system that simulated unconstrained gleno-
humeral motion was used to study the effects of the remplissage proce-
dure on Hill-Sachs defects of small (15%) and moderate (30%) size. The
scapular holder (A) had the ability to rotate from neutral to 30 of abduction
to simulate composite shoulder girdle abduction. The testing platform
allowed actuation of the individual rotator cuff muscles and the anterior,
middle, and posterior heads of the deltoid. Muscle actuation was ac-
complished by suturing the individual tendons at the musculotendinous
junctions, and routing the sutures through alignment guides replicated the
physiologic lines of action. The individual sutures were then attached to
computer-controlled pneumatic actuators (B) that applied physiologic
loads. An instrumented intramedullary humeral rod equipped with a
six-degree-of-freedom load cell measured joint loads and torques
(C). Additionally, to accurately monitor continuous shoulder motion and
instantaneous glenohumeral relationships, optical markers were attached
to the scapula and the humerus (D).
Fig. 3
Hill-Sachs defects were created in the posterosuperior region of the hu-
meral head according to the method described by Sekiya et al.16. The
specimens were placed in 90 of composite abduction and 60 of gleno-
humeral external rotation. With the glenohumeral joint in this position, a
line was drawn on the humeral head parallel to the anteroinferior glenoid
rim. This line represented the angular orientation of the Hill-Sachs defect
that would have plausibly resulted from a traumatic anterior dislocation
with the shoulder girdle in this position of abduction and external rotation.
Once the angular orientation of the defect was determined, the humeral
head diameter was measured with a digital caliper. Defects that encom-
passed 15% (1) and 30% (2) of the humeral head diameter were then
marked on the posterosuperior aspect of the humeral head.
1005
TH E J O U R N A L O F B O N E & JO I N T SU R G E RY d J B J S . O R G
VO LU M E 94-A d NU M B E R 11 d J U N E 6, 2012
TH E E F F E C T O F T H E RE M P L I S S AG E P R O C E D U R E O N
SH O U L D E R STA B I L I T Y A N D R A N G E O F M O T I O N
allowed the definition of a plane that was perpendicular to the base and repre-
sented the medial margin of the Hill-Sachs defect. Usage of the head-neck
junction as the base landmark created a consistent, albeit ‘‘worst case,’’ scenario for
defining the Hill-Sachs defects.
The remplissage procedure for the 15% defect was performed by placing
one double-loaded 5-mm suture anchor (Super Revo; ConMed Linvatec, Largo,
Florida) into the valley of the defect (Fig. 4-A) as described by Purchase et al.
19
.
The accompanying sutures were passed through the posterior capsule and in-
fraspinatus using a straight needle, resulting in a horizontal mattress stitch that
was then tied in the subdeltoid space. The 30% defect was repaired with two
double-loaded suture anchors similarly placed into the defect (Fig. 4-B).
Experimental Protocol
The joint was vented to atmospheric pressure and kept moist with saline so-
lution. After osteotomy of the lesser tuberosity, a scalpel was used to separate
the anteroinferior labrum from the glenoid to create a Bankart lesion. Addi-
tionally, a capsular injury was created by dividing the anteroinferior capsule
horizontally. To ensure that the glenohumeral joint was unstable, it was forcibly
dislocated in the anteroinferior direction, propagating the capsulolabral injury.
The Bankart repair was conducted with two suture anchors place at the 4:30 and
6:00 positions on the glenoid. The sutures were passed through the labrum
using a horizontal mattress technique and were then tied. The horizontal
capsulotomy was repaired with two side-to-side sutures.
Glenohumeral joint stability was quantified in terms of stiffness. The
stiffness was calculated (in N/mm) by applying an anteriorly directed quasistatic
80-N force
27-32
to the humeral head while measuring head translation on the glenoid
with the optical motion-capture system. This was continued until glenohumeral
dislocation occurred or until a soft-tissue end point was reached without dislocation
(stability). The force was applied through a uniaxial load cell (Model 34 Precision
Miniature; Honeywell, Golden Valley, Minnesota). The aforementioned anteriorly
directed force was used to calculate stiffness only; it was not used in the determination
of engagement. Engagement was assessed by placing the shoulder into abduction
and external rotation and then gradually moving the arm into extension, allowing
the humeral head to rotate. Engagement occurred when the humeral head rotated
externally, which allowed the medial margin of the Hill-Sachs defect to slot into the
anteroinferior glenoid rim. Engagement of the defect was defined as a sudden and
abrupt medial displacement of the humeral head rotational center, as recorded by the
optical tracking system and confirmed visually by two observers.
Data and Statistical Analysis
The data obtained for each testing condition included glenohumeral motion, the
occurrence of engagement, the force required to dislocate the humeral head, joint
translation, and joint stiffness. Glenohumeral motion was measured in adduction,
abduction, and extension. In adduction, internal-external rotational motion was
recorded. In 90 of composite shoulder abduction, two motions were measured:
(1) internal-external rotation in the scapular plane, and (2) horizontal extension of
the shoulder posteriorly with the humerus in 60 of external rotation. The ex-
tension motion in external rotation was selected because it replicates the position
of patient apprehension and is the provocative position for Hill-Sachs defect en-
gagement. To ensure consistency, the end points of the range of motion were
determined by rotating the humerus with a predefined torque of 0.65 Nm. This
torque value was determined, as an average of several trials, by one author (G.S.A.)
who manually rotated a pilot test specimen to the extremes of motion and stopped
when resistance consistent with that in a clinical examination was encountered.
Range of motion values were obtained with use of the motion capture system.
Statistical analysis was performed with one-way and two-way repeated-
measures analysis of variance (ANOVA). A p value of <0.05 was considered
significant.
Source of Funding
This research was supported by a grant from the Academic Medical Organization
of Southwestern Ontario, which provided salary support for one author (G.S.A.).
Two investigators received funding from the National Science and Engineering
Research Council (J.W.G., J.A.J.). Additionally, suture anchors were donated by
ConMed Linvatec. That company or the granting agency had no influence over the
design or conduct of the study or the analysis or interpretation of the study data.
Results
No significant differences in shoulder motion or glenohumeraljoint stiffness were observed between the intact specimens
and the specimens that had undergone lesser tuberosity osteotomy
(p > 0.05).
Bankart Lesion without Hill-Sachs Defect
In adduction, creation of the Bankart lesion did not result in a
significant change (mean and standard deviation, 3.3 ± 5.9; p =
Fig. 4
Fig. 4-A The remplissageprocedure (posterior capsulodesis and infraspinatus tenodesis) for the15%Hill-Sachsdefectwasconductedby placingadouble-loaded
5-mm suture anchor into the center of the valley defect. Fig. 4-B The 30% defect was repaired by placing two double-loaded suture anchors into the valley of the
defect. Thesuperior anchorwasplacedat the junctionof theupperand themiddle thirdof thedefect,and the inferioranchorwasplacedat the junctionof themiddle
and the lower third. Theaccompanyingsutureswerepassed through theposterior capsuleand the rotator cuff usingahorizontalmattress techniqueand then tied.
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0.460) in internal-external rotation range of motion compared
with the intact condition. However, the Bankart and capsular
repair after dislocation did result in a significant reduction in
internal-external rotation range of motion compared with the
intact condition (13.4 ± 11.1, p = 0.033) and compared with
the Bankart lesion condition (16.8 ± 9.6, p = 0.005).
In abduction, the Bankart lesion also did not significantly
increase internal-external rotation range of motion (3.2 ±
6.8, p = 0.460). However, the Bankart lesion with a capsular
repair did significantly decrease internal-external rotation
range of motion compared with the Bankart lesion condition
(14.5 ± 11.9, p = 0.031). The Bankart lesion with a capsular
repair also trended toward decreased rotation compared with
the intact condition (11.4 ± 12.4, p = 0.110), although this
difference did not reach significance.
In abduction and external rotation, creation of the
Bankart lesion trended toward increased extension range of
motion (10.8 ± 10.5, p = 0.064). However, the Bankart lesion
and capsular repair did significantly reduce extension range
of motion in the abducted and externally rotated position by
20.0 ± 12.3 (p = 0.007) compared with the Bankart lesion
condition.
Small Hill-Sachs Defect
After Bankart lesion repair alone, specimens with a 15% Hill-
Sachs defect did not engage the glenoid rim in any testing
position. Adding the remplissage procedure to the standard
Bankart repair significantly reduced internal-external range of
motion in adduction by 15.1 ± 11.1 (p = 0.039) compared
with the intact condition and by 13.7 ± 9.8 (p = 0.034)
compared with Bankart repair alone (Fig. 5-A). In abduction,
however, the decrease in internal-external rotation motion
when the remplissage procedure was added was not significant
compared with the intact condition (7.7 ± 9.9, p = 0.380) or
compared with Bankart repair alone (5.7 ± 11.6, p = 1.000)
(Fig. 5-B). However, addition of the remplissage procedure to
the Bankart repair resulted in a significant reduction in extension
range of motion compared with Bankart repair alone (22.0 ±
15.3, p = 0.029) (Fig. 5-C).
Addition of the remplissage procedure to the Bankart
repair resulted in a significant increase in mean glenohumeral
joint stiffness (4.7 ± 4.0 N/mm, p = 0.038). The remplissage
procedure also tended to increase joint stiffness compared with
the intact condition (4.1 ± 3.9 N/mm), but this difference did
not reach significance (p = 0.060) (Fig. 6).
Moderate Hill-Sachs Defect
None of the eight specimens with a 30% Hill-Sachs defect en-
gaged in adduction after Bankart lesion repair alone. However,
they all engaged and dislocated in abduction with external ro-
tation. Remplissage was effective in preventing defect engage-
ment in abduction with external rotation in all eight specimens.
In four specimens, the soft-tissue bumper created by insetting
the capsule and infraspinatus tendon into the defect impinged
on the posterior rim of the glenoid, which resulted in pivoting
of the humeral head and distraction of the glenohumeral joint.
In adduction (Fig. 5-A), addition of the remplissage
procedure to the standard Bankart repair resulted in a signifi-
cant reduction in internal-external rotation range of motion
compared with Bankart repair alone (19.5 ± 7.8, p = 0.001).
Remplissage also resulted in a statistically significant reduc-
tion in internal-external rotation motion compared with the
intact condition (14.5 ± 11.3, p = 0.049). In abduction (Fig.
5-B), addition of remplissage significantly reduced internal-
external rotation motion by a mean of 12.2 ± 8.6 (p = 0.030)
compared with Bankart repair alone. However, the reduction
in internal-external rotation motion in abduction after rem-
plissage was not significant compared with the intact condition
(6.2± 9.3, p= 0.60). A trend toward decreased extension range
of motion (10.6 ± 9.1, p = 0.080) was observed with addition
of the remplissage procedure compared with the Bankart re-
pair alone, although the decrease in extension was not signifi-
cant compared with the intact condition (6.0 ± 9.5, p = 0.700)
(Fig. 5-C).
The addition of remplissage to the Bankart repair in-
creased joint stiffness significantly (3.9 ± 3.2 N/mm, p= 0.030).
The added stabilization of the remplissage procedure brought
the joint stiffness value to near the intact level, with no sig-
nificant difference from the intact condition (2.6 ± 4.4 N/mm,
p = 0.410) (Fig. 6).
Discussion
The management of Hill-Sachs defects remains controver-sial. Current understanding of the factors that result in
clinically important Hill-Sachs defects is poor. The critical
width, angular orientation, and depth remain unknown. Sekiya
et al.16 examined various sizes of Hill-Sachs defects in a ca-
daveric study and reported that shoulder position, defect size,
and defect orientation were all important factors. In 2007,
Yamamoto et al.26 introduced the concept of the glenoid track.
In their cadaveric study, they determined that the medial mar-
gin of the glenoid track was located an average of 18.4 ± 2.5 mm
medial to the posterior edge of the rotator cuff footprint.
Yamamoto et al.26 stated that the orientation and width of the
Hill-Sachs defect were more important than the depth and
length. Consequently, in their glenoid track theory, they did not
address the depth of the Hill-Sachs defect. On the basis of the
results of the present experiments, we agree with the conclu-
sions of Yamamoto et al.26 that width and orientation are more
important than depth. We observed that when a Hill-Sachs
defect engages the anterior glenoid rim and results in medial-
ization of the humeral head and glenohumeral dislocation, the
depth to which it medializes is irrelevant, as the humeral head
has already dislocated.
Remplissage has been described as an adjunct to a
standard Bankart repair for the management of engaging Hill-
Sachs humeral head defects19. The technique is promising
because it provides the surgeon with an all-arthroscopic solu-
tion to address capsulolabral pathology and an engaging Hill-
Sachs defect, whereas most of the currently available treatment
options for Hill-Sachs defects involve open surgery. Other
potential advantages of the remplissage procedure include the
1007
TH E J O U R N A L O F B O N E & JO I N T SU R G E RY d J B J S . O R G
VO LU M E 94-A d NU M B E R 11 d J U N E 6, 2012
TH E E F F E C T O F T H E RE M P L I S S AG E P R O C E D U R E O N
SH O U L D E R STA B I L I T Y A N D R A N G E O F M O T I O N
use of local tissue with no additional graft material or metallic
implants apart from the suture anchors. Furthermore, there is
no danger of disease transmission or graft resorption, which
can occur with allograft reconstruction.
Unfortunately, there are few clinical studies in the peer-
reviewed literature that critically describe the outcomes of the
remplissage procedure. Several technical reports describe good
short-term outcomes with few complications. In 2008, Deutsch
Fig. 5-A
Fig. 5-B
Figs. 5-A, 5-B, and 5-C Range of motion results for the intact condition and for 15% and 30% Hill-Sachs defects with and without remplissage; y and z
indicate pairwise comparisons with significant differences. Figs. 5-A and 5-B Internal-external glenohumeral range ofmotion in adduction and in abduction.
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and Kroll33 published a case report on restricted external rotation
motion after a remplissage procedure. The restricted external
rotation motion was believed to be due to the remplissage pro-
cedure and was successfully addressed by surgical release of
the posterior joint capsule and infraspinatus tenodesis. To our
knowledge, no previous biomechanical assessments of the
remplissage procedure have been reported.
A validated dynamic shoulder testing apparatus was utilized
to replicate the in vivo shoulder22,23. This apparatus allowed active
muscle loading to reproduce physiologic glenohumeral joint
Fig. 5-C
Shoulder extension range of motion with the humerus positioned in 90 of composite abduction and external rotation (the position of anterior apprehension).
Fig. 6
Glenohumeral joint stiffness determined by applying an external load to the humerus and measuring joint translation. Results are displayed for the intact
condition and for 15% and 30% Hill-Sachs defects with and without remplissage; y and z indicate pairwise comparisons with significant differences.
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compression, which was beneficial in assessing joint stability. The
testing system also allowed unconstrained physiologic motion,
which was not possible in other testing systems used to study
Hill-Sachs defects16. As the remplissage procedure may be associ-
ated with restriction of glenohumeral rotation, we specifically ex-
amined internal and external rotation in adduction and abduction.
We also wanted to examine the shoulder in the position of ap-
prehension (abduction, external rotation, and extension) to study
Hill-Sachs defect engagement and the ability of the Bankart repair
with or without remplissage to prevent glenohumeral instability.
A 15% defect was chosen to represent a small Hill-Sachs
defect and a 30% defect to represent a defect of moderate size34.
The orientation of the Hill-Sachs defects in our specimens was
determined according the techniques described by Sekiya
et al.16 and Yamamoto et al.26. Unfortunately, limited biome-
chanical literature was available to assist in deriving a repro-
ducible method of determining the depth of the experimental
Hill-Sachs defects. Therefore, a worst-case scenario was adapted
in which the depth of the defect was based on a plane created
at the anatomic humeral head-neck junction. Consequently,
the results discussed herein are premised on our particular
model of the Hill-Sachs defect. It is conceivable that a remplissage
procedure performed for a shallower defect may have different
results.
In this particular Hill-Sachs defect model, a 15% defect
failed to engage or dislocate after Bankart repair alone. The
addition of remplissage to this scenario resulted in significant
reductions in glenohumeral joint extension and rotation in
adduction compared with the intact condition. Addition of
remplissage also resulted in a mean increase in glenohumeral
joint stiffness. In these shoulders with a 15% Hill-Sachs defect,
Bankart lesion repair alone was successful in stabilizing the
glenohumeral joint; the addition of remplissage provided little
benefit.
In contrast, isolated Bankart lesion repair was unable to
prevent defect engagement in the shoulders with the 30%
Hill-Sachs defects. Addition of the remplissage procedure was
effective in preventing engagement in all specimens, although
at the expense of reduced shoulder motion. Significant reduction
in rotational motion compared with the intact condition oc-
curred in adduction but not in abduction. For both the 15% and
30% defects, remplissage caused significantly greater reduction
in rotational motion in adduction than in abduction. The reason
for this is unknown, although we theorize that it was due to
variations in rotator cuff tension between the two positions.
Additionally, we theorized that the remplissage procedure, al-
though it is a capsulodesis, does not result in an inferior capsular
shift effect. It thus maintains the volume of the inferior capsular
pouch and consequently the rotational motion in abduction.
In one-half of the specimens with 30% Hill-Sachs defects
treated with the remplissage procedure, the posterior soft-
tissue bumper created by the remplissage resulted in im-
pingement against the posterior glenoid rim with posterior
pivoting. This occurred during extension in the abducted and
externally rotated position and resulted in mild distraction of
the glenohumeral joint. This was most likely due to impinge-
ment of the remplissage, which prevented normal physiologic
rotation of the humeral head.
Remplissage also resulted in a mean increase in gleno-
humeral joint stiffness, which is a beneficial result when
attempting to stabilize an unstable condition. However, the
increase in joint stiffness that occurred with the remplissage
procedure, and the associated restriction in motion from the
capsulodesis effect, can also be grounds for concern. Other
procedures that have previously been noted to have this effect,
such as the Putti-Platt operation for anterior instability, have
been associated with the development of arthritis35-37. The
largest increase in joint stiffness occurred after remplissage
of the 15% Hill-Sachs defects. This likely occurred because
the 15% Hill-Sachs defects created in this study were suffi-
ciently stabilized with a standard Bankart lesion repair, and
the addition of the capsulodesis and tenodesis effects of the
remplissage further increased stiffness so that it surpassed the
level in the intact condition. Interestingly, the increase in joint
stiffness resulting from remplissage in the specimens with a
30% Hill-Sachs defect brought the joint stiffness value to near
normal levels after Bankart lesion repair. This is likely because
the isolated Bankart repair was unable to effectively stabilize
the 30% osseous defect.
The limitations of this study include those inherent to
most cadaveric biomechanical simulator studies, such as the
use of specimens from elderly donors. The results obtained also
represent time-zero effects, so it is unknown how these results
would change over time in clinical circumstances in which
human tissue has the ability to physiologically relax and
lengthen. It is likely that some of the motion lost because of the
remplissage would return as the reconstruction stretches over
time. Additionally, the simulator could not account for joint
proprioception, which plays an important role in glenohu-
meral stability. Similarly, the simulator was unable to replicate
the instantaneous physiologic changes in muscle loading
that may occur during the process of a traumatic anterior
shoulder dislocation. We endeavored to test range-of-motion
parameters that have been theorized to be affected by the rem-
plissage procedure, such as internal and external rotation,
abduction, adduction, and extension. However, we did not
specifically test flexion.
Typically, remplissage is performed arthroscopically, al-
though it can also be done during open surgery38. In our ex-
perimental protocol, humeral head exposure was required to
measure, orient, and create the Hill-Sachs defects. Therefore,
our remplissage was performed in an open fashion, through a
lesser tuberosity osteotomy. However, we confirmed that the
lesser tuberosity osteotomy caused no significant change in any
of the parameters tested compared with the intact condition.
The present Hill-Sachs model had clinically relevant
defect orientation and width. However, the defect depth, which
is believed by some to be a less important factor26, represented a
worst-case scenario, with the base of the defect corresponding
to the humeral head-neck junction. We selected the humeral
head-neck junction for reproducibility reasons, as it was rela-
tively easy to identify from specimen to specimen and therefore
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by other researchers. As such, the results of this study are
specific to the particular Hill-Sachs models that were tested and
the particular parameters that were studied. Finally, although
we reported several statistically significant differences among
the tested conditions, we can only suggest that these differences
are clinically important. The shoulder simulator itself was one
of the strengths of the study because of its sophisticated ability
to incorporate osseous and soft-tissue factors that have a
bearing on instability.
In summary, this study investigated the biomechanical
characteristics of the remplissage procedure for the treatment of
Hill-Sachs defects of small and moderate size. In this particular
experimental model, a small Hill-Sachs defect (15%) was ade-
quately addressed with a standard Bankart lesion repair. The
addition of remplissage provided little extra benefit and resulted
in significant reductions in specific joint motions. However,
shoulders with a 30% Hill-Sachs defect continued to engage and
dislocate after isolated Bankart repair. For the defects of moderate
size that were modeled in this study, remplissage was effective
in preventing engagement and dislocation, although it did so at
the expense of specific shoulder motions. The remplissage pro-
cedure also increased joint stiffness, a factor of potential concern
whose clinical importance is unknown. Further biomechanical
studies are needed to more definitively assess the remplissage
procedure. Employing advanced techniques such as in vivo ki-
nematic tracking39, robotic devices40,41 and finite element analy-
sis42 may be useful. Specifically, in vivo studies would provide
better direct evidence regarding the advantages and adverse ef-
fects of surgical procedures. Additionally, further clinical studies
are required to determine the indications, adverse effects, and
outcomes of the remplissage procedure. The role of the Hill-
Sachs defect in shoulder instability also requires further study to
determine which attributes (e.g., critical defect width, orienta-
tion, and depth) would benefit from surgical intervention.
Appendix
An appendix describing specimen preparation and the
shoulder simulator is available with the online version of
this article as a data supplement at jbjs.org. n
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